Objective: The objective of the study was to identify predictors of BMI in German adults by considering the BMI distribution and to determine whether the association between BMI and its predictors varies along the BMI distribution. Methods: The sample included 9,214 adults aged 18-80 years from the German National Nutrition Survey II (NVS II). Quantile regression analyses were conducted to examine the association between BMI and the following predictors: age, sports activities, socio-economic status (SES), healthy eating index-NVS II (HEI-NVS II), dietary knowledge, sleeping duration and energy intake as well as status of smoking, partner relationship and self-reported health. Results: Age, SES, self-reported health status, sports activities and energy intake were the strongest predictors of BMI. The important outcome of this study is that the association between BMI and its predictors varies along the BMI distribution. Especially, energy intake, health status and SES were marginally associated with BMI in normal-weight subjects; this relationships became stronger in the range of overweight, and were strongest in the range of obesity. Conclusions: Predictors of BMI and the strength of these associations vary across the BMI distribution in German adults. Consequently, to identify predictors of BMI, the entire BMI distribution should be considered. 
Dietary Assessment
The usual food consumption of the past 4 weeks (15, 371 individuals) was assessed face-to-face by a computer-assisted diet history interview in a study centre using the dietary assessment programme DISHES (Diet Interview Software for Health Examination Studies). Tableware models (cups, glasses, spoons, plates and bowls) and a picture book with different portion sizes of food items were used for quantification of consumed amounts [19, 21] . In order to calculate energy intake the food consumption data were matched with the energy contents of the German Nutrient Database (BLS 3.02) [22] . The healthy eating index-NVS II (HEI-NVS II) was developed in the frame of the NVS II to measure how well diets meet food-based dietary guidelines of the German Nutrition Society [23, 24] . The HEI-NVS II is composed of 10 food components (grains, vegetables, fruit, milk, meat, fish, eggs, spreadable fats, non-alcoholic beverages and alcohol), each with a maximum score of 10 points, except for the components fruit and vegetables with a maximum of 15 points each (total range 0 to 110).
Predictors of BMI and Study Group
A computer-assisted personal interview and, complementary, a self-administered questionnaire were applied to obtain socio-demographic data as well as information on time spent with sports activities, dietary knowledge, sleeping behaviour, smoking status, partner relationship status and self-reported health status. Only sports activities like hiking, swimming or playing tennis were assessed which represent a part of daily physical activities.
An index of SES was created based on the 'Winkler-Index' [25] , using school education of the participant and employment status of the principal earner of the household, which were each coded as 1 = lowest and 8 = highest. Additionally, net monthly income of the household, which was coded as 1 = lowest and 9 = highest (total range , completed the SES index. The dietary knowledge index was developed using a point system with questionnaire items about general knowledge on food and healthy nutrition (maximum 18 points). The average daily sleeping duration was calculated with the average number of hours participants slept on weekdays and weekends. Smoking status was categorized as 0 = current smoker and 1 = non-smoker (including ex-smokers). The partner relationship status was classified as 0 = living with a partner (married or cohabiting) and 1 = living alone (single, widowed or divorced). The self-reported heath status of the subjects was categorized as 0 = good and 1 = fair or poor health.
For the present analyses, only subjects with complete data sets on measured body weight and height and all selected predictors of BMI were included (n = 13,079 from 15,371). In addition, adolescents 14-17 years of age, pregnant and nursing women (n = 1,328) as well as underreporters based on the method by Goldberg et al. [26] and Black [27] (n = 2,537) were excluded. This resulted in a final study population of 9,214 subjects 18-80 years of age. The analyses were carried out by sex, because men and women might have different predictors of BMI.
Statistical Analyses
Quantile regression [18] was applied to assess the predictors of BMI. In the models, the conditional quantile functions at different quantiles were estimated from the 5th to 95th quantile with 5% distance. In the regression model, the dependent variable was BMI and the independent variables were age, sports, SES index, HEI-NVS II, dietary knowledge index, sleeping duration, energy intake, smoking status, partner relationship status and self-reported health status. The variable squared age was additionally included because a quadratic effect of age on BMI is shown in a wide age range of the study population. The estimated variance inflation factors for the independent variables ranged from 1.01 to 1.62, suggesting that multicollinearity was not a problem in these analyses. The mean values of the mentioned variables in women and men were tested using standard error of the means at 5% probability level. The quantile regression was carried out using PROC QUANTREG in SAS Version 9.3 (SAS Institute, Cary, NC, USA) and considered significant at p < 0.05. A Markov chain marginal bootstrap was used to calculate confidence intervals for quantiles.
Results
A total of 9,214 participants were included in the present study (4,268 men and 4,946 women). The average BMI of the study population was 26.5 kg/m² in men and 25.2 kg/m² in women ( table 1 ). The prevalence of overweight was about 47% in men and 29% in women, and the prevalence of obesity was 17% in men and 15% in women. The mean values of sports activities, SES index and energy intake were higher in men than in women, whereas mean values of HEI-NVS II, dietary knowledge index and sleep duration were higher in women.
Results of selected quantile regression estimates at the 5th, 25th, 50th, 75th and 95th quantiles for all variables including t-value are presented in table 2 for men and in table 3 for women. Full details of the quantile regression including 95% confidence intervals based on bootstrap standard errors are provided in figures 1 and 2 .
Across the entire BMI range of men, age was positively associated with BMI ( table 2 ) . The association of BMI and age across all age groups was not linear but rather quadratic, which indicates that the BMI becomes higher until middle age and remains relatively stable in older subjects. There was also a positive association between age and BMI for women ( table 3 ) . A negative quadratic effect of age on BMI was shown in women with overweight and obesity, but not in normal-weight women.
A negative association between duration of weekly sports activities and BMI exists: a high BMI was associated with less time spent with sports activities in men (BMI quantile 35th-90th; fig. 1 ) and for women (BMI quantile 5th-90th; fig. 2 ). At the 95th BMI quantile, no association of BMI with sports was observed in either sex.
The SES index was negatively associated with BMI for both sexes across the entire BMI distribution. This association became stronger towards the upper tail of the BMI range. In the range of normal weight, SES was stronger associated with BMI than other predictors. Moreover, among women who are at the lowest part of normal weight, SES is the strongest predictor.
There was no association between HEI-NVS II and BMI in men (except for the 5th quantile), whereas a positive association was shown in women.
Results of quantile regression showed no association between the dietary knowledge index and BMI for both sexes. The mean value is significantly higher in women than in men (p < 0.05).
For sleep duration and BMI, there was a statistically significant weak negative association for men, particularly at the middle and high BMI quantiles. In women, a slight negative association was observed across the 45th-85th quantiles of the BMI range.
For both sexes, the association between energy intake and BMI varied across the BMI distribution. In men, a positive association between energy intake and BMI was observed at higher BMI quantiles beyond the 60th quantile (BMI 27.2 kg/m²), but not at the lower and middle quantiles. This means that the BMI is only associated with energy intake in men with overweight and obesity. In women, the positive association was statistically significant in the 45th quantile (BMI 23.8 kg/m²) and was stronger associated towards the upper tail of the BMI range. A negative association was observed between smoking and BMI. Smokers had a lower BMI than non-smokers, except at the uppermost tail of the BMI range in women where no association with regard to smoking was detected. At the lower and middle BMI quantiles, women and men living with a partner showed a higher BMI than people living alone. At higher BMI quantiles, representing obesity, no differences between the two groups were observed.
Beyond the 20th BMI quantile in men (BMI 23.2 kg/m²) and women (BMI 21.3 kg/m²), there was an association between self-reported health status and BMI. The participants who described themselves as being in good health had a lower BMI than those describing themselves as being in fair or poor health. Differences in BMI regarding the two categories of selfreported health status increased continuously up to highest BMI quantiles and were largest at the uppermost BMI range where men and women with good health status showed a reduced BMI (-1.77 kg/m² and -3.65 kg/m², respectively). At lower BMI quantiles, there was no association between health status and BMI.
Discussion
The present cross-sectional study identified predictors of BMI in the German adult population considering the distribution of BMI. Results indicate that the BMI is strongly associated with energy intake (in the range of overweight and obesity), age, SES, self-reported health status, and sports activities. An important outcome of the present study is that the strength of the association between BMI and these factors varies substantially across the BMI distribution. These associations are generally stronger towards the higher BMI ranges. Sex differences were only observed at lower and middle BMI ranges.
Many studies including a systematic review suggested that the BMI is positively associated with energy intake [11, 12] ; however, other studies found no [13, 14] or negative [15, 16] associations. These latter findings might partially be caused by underreporting in selfreported dietary intake. It is known that individuals with overweight and obesity tend to underreport their food consumption which leads to an underestimation of total energy intake [28] . In the NVS II participants, the proportion of underreporters was also higher in subjects with overweight and obesity than in normal-weight subjects.
The proportionally higher rate of underreporting in subjects with overweight and obesity than in those with normal weight would bias the association of energy intake and BMI. Independent of outcome, in studies investigating the impact of food consumption or nutrient intake on BMI, frequently the number of underreporters in the study population was not determined [11] [12] [13] [14] [15] . Furthermore, in other studies, the associations between energy intake and BMI are usually analysed by conventional statistical approaches, which are based on mean value analysis. These statistics suffer from a lack of sensitivity for outliers, values distant from the mean, which could have a strong influence on the results. Accordingly, the present study investigated the statistical model of quantile regression which is robust against outliers and considers the entire BMI distribution. The results furthermore suggested that the association of BMI and energy intake differs not only between BMI categories (normal weight, overweight and obesity), but also within in each BMI category which consists of several quantiles. To our knowledge there is only one other study [7] in which the predictors of BMI were examined along the BMI distribution in a population-based survey using the quantile regression method. The study by Shankar [7] with 3,407 Chinese adults 20-45 years of age also showed a positive association between energy intake and BMI for most quantiles in the overweight and obesity range, but not for all quantiles in the normal-weight range.
In most previous studies BMI was calculated from self-reported height and weight. Studies comparing self-reported and measured BMI showed that subjects with overweight and obesity tend to underestimate BMI values [29, 30] . This may lead to an incorrect classification of subjects with overweight and obesity and may thereby influence the results regarding the association between BMI and energy intake.
The exclusion of underreporters as well as the use of the statistical model of quantile regression and of measured BMI data in the present study delivered more detailed information regarding the association between BMI and energy intake than previous studies based on the use of mean values and the data of self-reported BMI without exclusion of underreporters. The design of the present cross-sectional study does not allow interpreting the results as causal associations; it is not clear whether a higher energy intake leads to a higher BMI or, conversely, whether a higher BMI generally means more mass and hence higher energy intake to maintain body weight.
Despite differences in study design and statistical methods of numerous studies and the present study, the results regarding the association of BMI and various predicting factors (age, SES, health status, sports activities and smoking) headed in the same direction. Additionally, the findings of the present study provided more detailed information regarding these associations for each BMI quantile.
In agreement with previous studies [7, 31, 32] , the present study demonstrated a positive linear association of BMI with age. The quadratic effect of age on the BMI had also been consistently observed in other studies [5, 33] . Moreover, the present investigation showed that age is the strongest predictors of BMI in all BMI ranges in both sexes.
SES was found to be a significant predictor of obesity [10, 34] . Studies in the literature reported that individuals with a high SES which means a high education [35, 36] , high-level of employment [37, 38] and high household income [37, 39] , are likeky to have more opportunities for healthy eating and physical activity which resulted in a lower prevalence of obesity. Previous analyses of NVS II data showed that participants with a higher SES consumed more food with a lower energy density like vegetables and fruit, while participants with a lower SES ate more food with a higher energy density like meat and meat products [19] . The negative association between BMI and SES was reported in several previous studies [10, [34] [35] [36] [37] [38] [39] . Also in the present study, the negative association was observed across the entire BMI distribution of the study population but differentiated results are provided. The association turned progressively stronger towards overweight and obesity.
Previous investigations reported that subjects with obesity were more likely to have a poor self-reported health status [40, 41] . Likewise, in the present study a negative association between self-reported health status and BMI was observed in subjects with overweight and obesity, but not in all normal-weight subjects.
Higher levels of physical activity are associated with lower BMI [8, 42] . For participants of the present study, this negative association between duration of weekly sports activities and BMI was also shown. By differentiating the BMI distribution, sports activities are one of the strongest predictors of BMI in the range of overweight and obesity (except at the highest BMI range), whereas no or a weak association was found in the range of normal weight. Sports activities are only one aspect of total physical activity. Other aspects, such as household chores or occupational activities, which also contribute to total physical activity, were not assessed in the present study. Therefore, these results should be interpreted with caution.
The negative association between smoking and BMI in the present study is consistent with some studies [9, 43] . This association is shown across the entire BMI distribution, except for obese women. Similar results were observed in the study of Shankar [7] who found a negative association of smoking with BMI in the range of normal weight and overweight, but not in all ranges of obesity.
Previous studies found a higher BMI in individuals living with a partner than in those living alone and suggested that this may be due to the influence of marriage and divorce on change in health behaviours, for example, inducements to eat or motivation for weight control [44, 45] . The results of the present study which considered the differentiation of BMI distribution showed that the status of partner relationship was associated with BMI only among persons with normal weight and overweight.
A positive association between HEI-NVS II, a measure of the overall quality of diet, and BMI was observed in women, but not in men. This means that women eating foods in amounts according to the dietary guidelines of the German Nutrition Society have a higher BMI. At first glance this finding is in contrast to studies that found a negative association between US-HEI and BMI [46, 47] . At second glance, however, this may be explained by the diverging back-ground of the indexes: While the HEI-NVS II is based on the absolute amounts recommended in the German dietary guidelines which do not consider energy intake, the US-HEI applied in the cited literature is based on food consumption and nutrient intake in relation to energy intake. For the HEI-NVS II this means that the consumption of large amounts independent of energy intake (and therefore overeating) may lead to high scores. Since the US-HEI takes into account energy intake, persons with favourable consumption and adequate energy intake more easily reach high scores.
The strength of the present study is the use of representative population data from the NVS II. Because of the large sample size, it was possible to exclude underreporters and to stratify for sex and to provide thereby the statistical power to determine the associations with BMI. In contrast to previous studies, only subjects with measured body height and weight data were included in the present study.
A limitation of the present study is the cross-sectional design of the NVS II, which does not allow analysis of causes and effects regarding the association between BMI and the predictors. In this regard, longitudinal studies will be useful to explore the cause-effect associations, especially for the aspects of BMI and energy intake or health status. Moreover, the data of NVS II, which was collected from 2005 to 2007, provides information regarding the predictors of BMI at that point in time. These results therefore need to be interpreted with caution. Another limitation is that all variables, except of body height and weight, are selfreported, which could lead to errors in reporting. Also, the assessment of weekly sports activities by a self-reported questionnaire provides no information regarding total energy expenditure. Therefore, energy balance could not be considered in the present study. Food consumption was assessed using a diet history interview. This method is more suitable to estimate usual energy intake for the investigation of long-term effects on body weight than short-term methods (e.g. 24-hour recall). However, it requires high cognitive skills of the study participants to remember the consumption of the past 4 weeks, which could lead to inaccurate estimations of energy intake and therefore influence the associations with BMI [48] .
In summary, in the German adult population predictors of BMI and the strength of the associations varied across the BMI distribution. The associations were generally stronger in the range of overweight and obesity than in the range of normal weight. In the overweight and obese subjects, energy intake, age, health status and SES were the most relevant predictors of BMI. Energy intake and age showed a positive association with BMI, whereas health status and SES were negatively associated with BMI. In all BMI ranges, strong associations of age and BMI were observed. The other three predictors were marginal in normal-weight subjects, became stronger in overweight and were strongest in obese subjects. Furthermore, the strength regarding the associations between BMI and the predictors differed between men and women with normal weight and overweight, but no differences were found between obese men and women. These findings support target group-specific nutrition counselling and policy guidance. Additionally, the results underline that the differentiation between BMI ranges is a prerequisite for future research on overweight and obesity.
